Background Healthcare workers constitute a population at high risk for HBV infection. Efficient vaccination options are available; however, the individual response to HBV vaccination may vary widely between subjects, potentially due to cytokine profiles and genetic variations. In the present study, we investigated the relationship between IL-17 and IL-22 gene polymorphisms versus non-and lowresponsiveness to HBV vaccination in healthcare workers.
Background 1
Hepatitis B virus (HBV) is a global threat for public health and one of the leading reasons of chronic (long-term) liver disease. According to the World Health Organization (WHO), more than 240 million people have chronic HBV infection and more than 780,000 patients die because of the acute or chronic consequences of hepatitis B in the entire world every year. In Iran 1.3% to 8.69% and in Romania 2% to 7% of the population are chronic HBV carriers, approximately. 1, 2 Also, HBV is one of the occupational menaces for healthcare workers (HCW), the infection risk through exposure to blood and infectious body fluids being highest in this category. 3 The WHO estimates that per year 66,000 HBV infections take place in HCWs due to career exposure to percutaneous damages.
HBV transmission is through vaccination, but the same vaccine regimen may register substantial inter-individual variation in immune response. Between 5% and 10% of healthy immunecompetent subjects do not have hepatitis B antibody (anti-HBs) response to the surface antigen element present in these preparations (non-responder: <10 IU/L anti-HBs) or they respond poorly (low-responder: 10-100 IU/L antiHBs).
5
Numerous mechanisms involved in the lack of response to HBV vaccination have been proposed. However, the cellular and molecular causes have not been completely understood. Deficiency in HBsAg-specific T cells or B cells, cytokine secretion profiles, and immunologic tolerance may be some of the mechanisms that determine the rate of protection and individuals' anti-HBs titers.
6 Genetic factors may also have important roles and many studies have been performed to determine the variations of genes for cytokines and cytokine receptors. 7, 8 Cytokines are essentially chemical messengers and have key roles in mediation and regulation of immune responses. One of their functions in the response to vaccine antigens is the regulation of the Th 1 /Th 2 balance. Many researches have addressed the link between HBV vaccine response and gene polymorphisms in cytokines such as interleukin (IL)-1β, tumor necrosis factor (TNF), transforming growth factor (TGF)-β1, IL-10, IL-6, interferon gamma (IFNG) single nucleotide polymorphisms (SNPs). [9] [10] [11] In recent years, a novel T helper subset has been described, adding to the complexity of the Th1/Th2 binary system originally described 25 years ago by Mosmann et al. 12 The T helper type 17 (Th17) subset, initially discovered in a study performed on an autoimmune model, 13 is a separate lineage of T cells and the polarization of these cells relies critically upon the actions of cytokines (e.g., IL-23) secreted by antigenpresenting cells.
14 These cells produce the proinflammatory and effector cytokines of the IL-17 family, IL-22 and IL-21. Th17 cells play a meaningful role in infectious diseases, autoimmune conditions, adaptive immune response and mucosal immunity. 15, 16 Interleukin-17A (IL-17A) generates massive tissue inflammation and can promote the progression of autoimmune diseases through mobilizing, raising and activating neutrophils; 4 scientists have also found that IL-17 could be extensively involved in the pathogenesis of chronic liver disease and in antiviral therapy. 17, 18 Some observations suggest that IL-17 may also be indirectly involved in immunoglobulin production by increasing the production by other immune cells of B-cell activators. 19, 20 Interleukin-22 (IL-22) is part of the IL-10 family and is produced by restricted cells such as Th17 cells, gamma delta T cells, natural killer (NK) T cells, and according to recent reports, innate lymphoid cells. 21 This cytokine, similar to IL-17, is a pro-inflammatory cytokine but one of its key roles is protecting hepatocytes from injury by increasing proliferative and antiapoptotic responses.
22
The aim of this study was to determine if there are genetic differences between two categories of HBV vaccine responders, non-and low-responders, in healthcare workers.
Methods
This project utilized resources of 3 hospitals (Tehran Cardiac Center, Mirza Koochak Khan and Bahramie, Iran). Non-and low-responders to HBV vaccine were selected from the Infection Control database. The study included 120 HCWs with anti-HBs titers <10 IU/L (Group 1, 10 males and 11 females, age range 24-57 years and mean ± standard deviation (SD) 37±9.6) and low-responders to HBV vaccine 10-99 IU/L (Group 2, 34 males and 65 females, age range 22-60 years and mean±SD 38±9.1), respectively. They had received full HBV vaccination according to the standard schedule (3 vaccine doses at months 0, 1, 6 injected intramuscularly into the deltoid muscle) in the past five years. Non-responders were given an additional three dose vaccination series after an interval of one 
Results
A total of 21 non-responders and 99 lowresponders were genotyped in order to distinguish the susceptibility to HBV vaccine response associated with genetic variants of IL-17 and IL-22. There were no significant differences in the frequencies of IL-22 at each polymorphic region (p>0.05, Table 1 ). Homozygous GG in rs1026786 A/G and homozygous TT in rs2227501 A/T were not determined in both groups. However IL-17 rs4711998 A/G gene polymorphisms showed meaningful differences between low-and non-responders in the frequency of homozygous GG (p=0.025, odds ratio (OR)=0.34, 95% confidence interval (CI)=0.13-0.89).
The allele frequencies of IL-17 polymorphisms were also calculated. There was a valid difference between the two groups in the frequency of A and G. (p=0.015, OR=2.5, 95%CI=1.17-5.37, Table 2 ).
Discussion
In this study we have assessed the differences in genetic polymorphisms for two cytokines, IL-17 and IL-22, between healthcare workers who were HBV vaccine low-and non-responders. We observed a strong relationship between single nucleotide polymorphisms of the IL-17 gene and low-or non-response to HBV vaccine in healthcare workers.
Healthcare workers are considered at high risk for HBV infection all over the world and vaccination, which is an effective way of preventing infection, has been recommended for healthcare workers internationally since the early 1980s.
23 Th17 is a CD4 + T cell subset contending with both Th1 and Th2 cells, 24 important for remedying extracellular infection by affecting B cell isotype switching and neutrophil recruitment and intracellular infections by macrophage activation and Th1 recruitment. 25, 26 Studies have reported that there is an inverse correlation between Th17 frequency and hepatitis B virus viral load. 27 Th17 and T regulatory (Treg) cells have complementary relationships and field literature has shown that in patients with hepatitis B peripheral blood levels of Treg cells are decreased, while Th17 cell levels are increased. 28 Recent studies have also shown a direct relationship between circulating Th17 cells and B cells maturation, differentiation and isotype switching. 29 IL-17A and IL-22 control the responses of several cells, including hepatocytes. 27 IL-17A mRNA in peripheral blood mononuclear cells is higher in HBV-infected patients compared to normal individuals. 30 Also, IL-17A protein and mRNA levels are increased in occult chronic HBV infection. 31 Zhang et al. have studied the effect of IL-22 in a murine model and in patients with acute HBV infection, concluding that IL-22 was significantly increased in serum. 32 In acute HBV infection, IL-22 drives inflammation, potentially through increasing immune cell infiltration and clearance of the virus, but in chronic HBV infection it appears to play a protective role.
33
Many results suggest that IL-17 may play cooperative roles with IFNG in vaccine-derived protective immunity. 34 Wu et al. have proved in a transgenic murine model that IL-22 has a powerful effect on cellular immune response through Th17 after hepatitis B vaccination. 35 Li et al. have reported that the frequency of rs8193036 allele T was higher in patients who resolved HBV infection, and that patients with hepatocellular carcinoma (HCC) had higher frequencies of rs2275913 genotype GG and allele G, as well as more frequent haplotypes CG and TG of rs8193036 and rs2275913. Thus, their results showed that IL17A polymorphisms may influence the risk for HCC in chronic HBV infection through IL17A production. 36 Xi et al. suggested that IL-17A rs4711998, IL-17A rs2275913, and IL-17F rs763780 polymorphisms do not have roles in HBV-related HCC. Nevertheless, the IL-17 ACA haplotype might be a risk factor and the GCG haplotype a protective factor, respectively, for HBV-related HCC in a Chinese population. 37 We could not find relevant information in field literature about IL-22 gene polymorphisms and immunity against HBV, so comparing our results with other studies was not possible but there are several reports on IL-22 gene variants and other diseases. For example, two SNPs in IL-22 are correlated with treatment outcome in hepatitis C virus infection. 38 The relationship of nine SNPs of IL-22 with gender were studied in HIVpositive Han Chinese patients, and the results showed a higher prevalence of the A/G genotype and G allele in rs2227513 in women, but not in men. 39 Interestingly, IL-17 and IL-22 signals and target genes are cytokines similar to IL-1, IL-4, IL-6, IL-10, which have significant impact in the response to HBV vaccine. 9,16. From the results of the current investigation, it may be suggested that IL-17A may potentially interfere in the degree of response to HBV vaccine. We have found that the IL-17 rs4711998 GG genotype has a significantly lower frequency in non-responders compared to lowresponders.
Theoretically, IL-17A polymorphisms may affect the anti-HBs titer directly or indirectly through its signals on other cytokines genes. Our study did not identify a relationship between IL-22 rs1026786, rs2227501, rs22275503 genotypes and the antiHBs response following HBV vaccination.
The result of the present study may shed some light on the individual genetic susceptibility associated with HBV vaccine response, a public health priority worldwide, particularly in healthcare workers.
Conclusion
In conclusion, this study indicated that in healthcare workers the IL-17 rs4711998 GG genotype had a significantly lower frequency in non-responders to HBV vaccination (<10 IU/L) compared to low-responders (10<anti-HBs<100 IU/L), while the three investigated polymorphisms (rs1026786, rs2227501, rs2227503) in the IL-22 gene were not correlated with anti-HBs levels in the study population.
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